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[Title of Invention] Method of making high strength poly ethylene fiber 
[Abstrac] 

[Objective] Objective of this invention is to provide a method of solvent removal for 



obtaining, 



polymer 
Figure: 



[Claim 1 



high strength poly ethylene fiber that has higher strength than that in the 



existing methods in the dry spinning method. 

[Constitution] Method of spinning in which the solvent is positively removed by blowing 
heated gits in the spinning chimney prior to stretching in the first stretching tank the 
solution that was extruded from the spinning die. 



See Fig. 1 at the end of text. 



[Claims of the Patent) 



Method of making high strength poly ethylene fiber having a strength of over 



35 g/ d by the following processes: The mixture containing 5 -50 wt parts of the ultra 
high molecular weight poly ethylene polymer and 95 - 50 wt parts of volatile solvent is 
heated for dissolving; the dissolved substance is spun out and, thereafter, the solvent is 
removed positively; next, stretching is done. 

[Claim 2 ) Method of making high strength poly ethylene fiber in Claim 1 in which heated 
gas is us ?d to remove the solvent positively, 

[Claim 3 ) Method of making high strength poly ethylene fiber, the method being 
characterized by that, at the time ofremoving the solvent positively in Claim 2, the 
solvent i j removed with the gas stream whose temperature and air gas velocity are 
adjusted at least in two steps, 

[Claim 4) Method of making high strength poly poly ethylene fiber, the method being 
characterized by that, at the time of conducting the stretching in Claim 1, the stretching is 
conducted white the solvent is being removed. 
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[Details I Description of the Invention] 



[0001] 
[Field o: 
d 

reinforced 



ethylene fiber 



i Application in Industry] This invention is related to the high strength poly 
*ber that is suitable for use that requires high strengths e.g. the composite 
material, rope, fishing line, bullet-proof material, etc. 



[0003J 

to the stretching 
prior art, 
the 

the large! loss 
When the 
difficult 
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[0002] 

[Existing Technology] In the existing methods of making the high strength poly ethylene 
fiber, the technique of so called [gel spinning method] in which the ultra high molecular 
weight polymer is dissolved in a solvent and then is spun is disclosed in, for example, 
Kokai Patent Publication No. 47922 - 1985 and Japan Patent Publication No. 24887 - 
1989. In the existing technology, however, it is necessary that the solvent is not removed 
as much as possible in the spinning and, in the case of positively removing the solvent, it 
is said to be not preferable for stretching as is seen in a comparative example of Patent 
Publication No. 24887 ^ 1989. 



to the technology in which the solvent is extracted or washed positively prior 

, the disclosure is seen in Patent Publication No. 5228 - 1983. In this 
also, the solvent was almost not removed until the first cooling was done after 
spinning. That the solvent was almost not removed until the cooling was because of 
of energy and so an efficient method of production has been being sought, 
cooling and taking up are done while the solvent is almost not removed, it is 
remove the solvent completely after the stretching process. 
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[0004] Also, when the stretching is done at a high temperature while the solvent was 
almost not removed, fusion occurs and so it is necessary to lower the temperature of the 
stretchin ; tank* But, at a lower temperature, it is impossible to conduct the stretching at a 
high stre ching ratio which is required for obtaining the poly ethylene fiber of excellent 
high stre igth. Even if the stretching is done in a multiple stages, unless that stretching 
ratio is made high at the first stage, it is necessary to conduct the stretching in a fairly 
high stretching ratio in the second stage and thereafter but, as the deformation rate of the 
polymer becomes greater relative to the relaxation time of polymer and so there was the 
problem that the stretching could not be done. 



this 



em That the Invention Intends to Solve] Based on the problems described 
invention provides a production technology for making stably the poly 
fiber that has high strength, 



[0005] 
[The Projbli 
above, 
ethylene 

[0006] 

[The Mej&ns for Solving the Problem] Thus, this invention provides the method of making 
high stre 3gth poly ethylene fiber having a strength of over 35 g / d by the following 
processe j : The mixture containing 5-50 wt parts of the ultra high molecular weight poly 
ethylene polymer and 95 - 50 wt parts of volatile solvent is heated for dissolving; the 
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dissolved substance is spun out and, thereafter, the solvent is removed positively; next, 
stretching is done. 



[0007] 
fiber in 
solvent 
method 
above 
and air 



Ihe; 



invention also provides the method of making high strength poly ethylene 
above described production method in which healed gas is used to remove the 
positively and the method o f making high strength poly ethylene fiber, the 
*ing characterized by that, at the time of removing the solvent positively in the 
' method, the solvent is removed with the gas stream whose terrperaturc 
das velocity are adjusted at least in two steps. 



tie 



[0008] / Iso, the invention provides the method of making high strength poly ethylene 
fiber, the method being characterized by that, in the stretching process of the above 
describe* 1 production method, the stretching is conducted while the solvent is being 
removed. 

[0009] The ultra high molecular weight poly ethylene in this invention is characterized by 
that its n spearing unit is ethylene substantially and it can be a copolymer with a small 
amount of other monomer such as a- olefin, acrylic acid and their derivatives, vinyl 
silane ani its derivative. Further, it can be a blend of these copolymer themselves, the 
ethylene homo polymer and copolymer, or the Wend with the homo polymer of other a- 
olefin an i, of course, it can be the ethylene homo polymer. 

[00 1 0] S och ultra high molecular weight poly ethylene is generally spun by the previous- 
ly descril>ed [gel spinning method]. For example, when the dissolved substance is extrud- 
ed through the spinning nozzle, the filaments for use in stretching are obtained. From the 
extruded dissolved substance, the solvent is removed by using heated gas. Temperature of 
the heate d gas is preferabfy 50 - i 30 deg C and more preferably 60 ~ 120 deg C. When 
the temp sraturc is lower than the said range, solvent removal is insufficient and fusion 
occurs eiisily at the stretching process. Also, because of the need for lowering the temper- 
ature ofittretching tank, it is impossible to conduct the stretching in a high stretch ratio in 
the stretching tank Also, if the temperature is higher than the said range, physical proper- 
ties of th 5 fiber drop. As for the gas velocity, 0,2-2,0 m/ sec, preferably 0.5 - 1.5 m/ sec 
is used I f the gas velocity is tower than the said range, solvent removal is difficult and, 
also, if ti e gas velocity is higher, non-uniformity of the fiber increases. 



[0011] 
the gas 
Lowering 
also, 
than the 



Also* 



s ream 1 



thae 



tcmperatire 
C. If the 
fusion occur \ 
saidrangp, 
m/sec, 



y when the gas stream is used in 2 or more stages of temperature and velocity, 
temperature of the first stage is 10 - 50 deg C, preferably 20 ~ 40 deg C. 
the temperature below the said range is difficult in terms of the facilities and, 
is the danger of cooling the nozzle. Also, when the gas temperature is higher 
\md range, it is difficult to obtain the fiber having good strength. The gas stream 
at the stages after the first stage is 60 - 1 30 deg C, preferably 90 - 1 20 deg 
emperature is lower than the said range, solvent removal is insufficient and 
easily in the stretching process and, if the temperature is higher than the 
, this causes the degradation of the polymer. As for the gas velocity, 0.2 ~ 2.0 
preferably 0.5 ~ 1.5 m/ sec is used. If the gas velocity is lower than the said range, 
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solvent removal is difficult and, also, if the gas velocity is higher than the said range, 
non-uniformity of the fiber increases. 



positive removal of solvent that is referred to in this method of production 
_ more than 40 %, preferably more than SO % of the solvent. If the solvent 
higher than that which is defined as said above, fusion occurs easily in the 
process and, if the stretching temperature is lowered in order to prevent the 
sfretchabtEty drops and so the stretching rate in the first stretching process can not 
raised and, consequently, the fiber of high strength can not be obtained 



[0012] 

means removing 
content 
stretching 
fusion, 
be 



[0013] 
thisi 



The 



invention, ' 



or more 
stretching 



sent 



neyis 
isheatec 
when 
done 
one or 



Is 



stage 
solvent 
second 
structure 
stretching 



sequence 
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and relative 
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unstretched, formed body that is obtained in this way is stretch- processed. In 
the stretching operation is conducted in one stage or in multiple stages of 2 
stages. Stretch ratio is 2 - 10 in each stretching tank and, in particular, the 
operation can be conducted at a ratio of 3 - 8. When the multiple stage 
in 2 stages or more is conducted, the temperature at a stage is set higher than 
that of the previous stretching tank. 

[0014] An example of the method of making the high strength poly ethylene fiber of this 
inventbAis shown in the process diagram of Fig. 1. In Fig. 1, 3 is the nozzle and the 
solution prepared by heating and dissolving the ultra high molecular weight poly ethylene 
in the volatile solvent is spun out from 3 and, prior to the stretching, more than 40 % of 
the solvent is removed positively by heated gas. The yarn that passed the spinning chira- 
to the stretching tank on line through the driving roller 4. The stretching tank 
close to the melting point of the substance being stretched and, at the same time 
ling is being done, the residual solvent is also removed and the taking up is 
driving roller 6. The poly ethylene filament that was taken up is stretched in 
stages when necessary. 



stretching i 
by the 



more; 



Process diagram of another suitable example of the method of making poly 
fiber of this invention is shown b Fig. 2. In Fig. 2, as to the arrangement of 
nozzle, driving roller and stretching tank, there is no difference from Fig. 1 but 
astic feature of this example is that, when the dissolved substance imraed- 
_ spinning passes through the chimney, the solvent is being removed by the 
that is controlled in two stages of temperature and gas velocity. According to 
J, the gas temperature of the first stage is set lower than that of the second 
, by doing so, the solidification is done in the state where a large amount of 
r contained and, thereafter, by setting the temperature of gas stream of the 
jtage higher, the solvent is removed positively and, consequently, a better fiber 
is formed. Also , the stretching can be done to a high stretch ratio in the 
tank. The evaluations in this invention were conducted by the following 



[0015] 
ethylene 
spinning 

the characteristic 
atey after the 
gas stretLin 
this met lod 
and. 



( Strength) For the strength in this specification, [Tensilon] that was made by 
h Co. was used. With a sample of 200 mm length, at a stretching rate of 100%/ 
stress - strain curve was measured at the atmospheric temperature of 20 deg C 
---- humidity of 65 % and the stress at the breaking point of the curve was 
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determined as the strength (g/d). Here, for each value, the average value of 10 
measurements was used. 



viscosity against 



square 
extrapt 
[Yoshinb: 



appro> 



a 

sample 



Example 
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[00171 (Limiting viscosity) Using 135 deg C decalinand Uberrode type capillary visco- 
sity tube), specific viscosity of various dilute solution was measured and the plot of this 
concentration was made and, from the straight line obtained by feast 
ximation of this plot, the limiting viscosity was determined from the 
extrapolated point to the origin of the line. At the measurement, antioxidant (trade name 
x BUT] made by Yoshitonri Seiyaku) was added by 1 wt % with respect to the 
potymer (For the polymer, when the raw material polymer was a powder, the powder 
itself wa * used and, when it was a bulk or yam sample, the sample was divided or cut into 
length {of about 5 mm). The solution for measurement was prepared by dissolving the 
135 deg C by stirring for 4 hours. 



fit 



[0018] 

[Examples of Application] In the following, the invention is explained by examples of 
application but the invention is not limited to the examples of application. 



of Application 1 



10 wt parts of ultrahigh molecular weight poly ethylene that has a limiting viscosity of 
18.5 and 0.8 pieces of methyl branches per 1000 carbon atoms of the main chain and 90 
wt parts of decahydro naphthalene were mixed into a slurry and this was fed to the screw 
type exh udcr (30 mm $). From the extruder, the dissolved substance was extruded from 
the nozzeof0.7 96 holes at the temperature of 175 deg C. After this, the spun yarn 
was exposed to the heated gas of temperature 90 deg C and gas velocity of 1.0 ml sec in 
the spinring chinmey to remove the solvent while the yam was taken up by a driving 
roller at 75 ml rain. Solvent content of the yam coming out of the spinning chimney was 
76 wt parts. Thus, 65 % of the initial solvent could be removed. The unstretched yam that 
was obtained in this way was stretched to a stretching ratio of 3 in the first stage 
stretchin j tank that was set at a temperature of 135 deg C on line while the solvent was 
being rei raved. In the stretched yarn obtained, the residual solvent was less than 1 %. 
The yarr that was stretched in the first stage was stretched in the second stage stretching 
tank that was set at 145 deg C to a stretch ratio of 5.5 at a high stretching rate of 250 ml 
min and he stretching could be done up to a ratio of 5.5 and the high strength poly 
ethylene fiber of strength 45 g/ d could be obtained. 



spnmng < 
temperature 



[0019] 

The slurry preparation 
Applicato; 
stages to 
the 
in the 



Example of Application 2 

and the extrusion condition were same as indicated in Example of 
n 1. But, in the solvent removal, the gas stream tenqrerature was divided into 2 
conduct the spinning. Thus, to the mixed dissolved substance immediately after 
spinning, the gas stream of temperature 30 deg C and gas velocity 1 m/ sec was blown 
chimney of 1 m length at the first stage and, after this, the gas stream of 
120 deg C and gas velocity I vol sec was blown in the spinning chimney of 1 
m length! at the second stage. Solvent content of the unstretched yarn coming out of the 
chimney was 75 wt parts and, thus, 60 V of the initial solvent content could be 
removed To this, the stretching was conducted at the same condition as in Example of 
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licalioi 



Appl 
ethylene 



n and the stretching could be done up to a ratio of 5 and the high strength poly 
fiber of strength 50 g/ d could be obtained. 



[0020] Comparative Example 1 

Under tl e same condition as in Examples of Application, the dissolved substance was 
extradec from the nozzle and, after this, in the spinning chimney, the gas stream of 
tempered ure 25 deg C and gas velocity 1.0 ml sec was blown. The unstretched yarn 
coming < tut of the spinning chimney contained 85 wt parts of solvent. When this 
unstretclied yarn was stretched at the condition that is indicated in Example of Applica- 
tion 1 , fi iston occurred. Also, when the temperature of the stretching tank was lowered 
down to 100 deg C, stretching could not be done to a stretch ratio of3. Therefore, in the 
first stag a stretching tank, stretching was done at a temperature of 1 00 deg C and stretch 
ratio of:L When this was subjected to the second stage stretching at the same stretching 
condition as in the examples of application, stretching could be done up to a stretch ratio 
of 6 but, as to the total stretch ratio (first stage stretch ratio x second stage stretch ratio), 
only a lojwer stretch ratio than that of the stretched yarn of the examples of application 

obtained and one could obtain only the poly ethylene fiber of strength of 33 g/ d. 



could be 



[0021] 

{Effectiveness of the Invention] In the dry spinning method of this invention where the 
polymer solution is spun out from the spinning die to form the yarn, the solvent is 
positively removed in the spinning chimney before the stretching is conducted in the 
stretchinjtank and, by this, the fiber having superior properties than that in the previous- 
ly kiwwr technology can be made stably. 

[Brief Description of the Figures] 



[Fig. 1]^ 
makjng 



ts 



the schematic diagram of the production apparatus that is due to the method of 
bf this invention. 



[Fig.2]iji 
m ak in g 



the schematic diagram of the production apparatus that is due to the method of 
df this invention. 



[Explanation of the codes] 

1 : Slurry tank; 2: Extruder; 3: Nozzle; 4, 6, 7, 9; Driving rollers; 
5: First stretching tank; 8: Second stretching tank; 
A: Headed gas; a: heated gas 1; b: heated gas 2 

Figures. [Fig. 1] and [Fig. 2] 

See the figures in the next page 
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